Purpose: Corneal foreign bodies (CFBs) due to occupational exposure have been largely ignored in Indian literature, especially nonmetal workers. Our study looks at a broad range of occupations and settings that contribute to CFB in our local Indian population. The study objective was to determine the occupations, level of education and demographics of patients presenting with CFB acquired during occupational work. Methods: Prospective hospital-based study at a tertiary eye hospital in Gurgaon, Haryana, India, within duration of 9 months. Patients presenting with CFB were asked a set of questions relating to their occupation, level of education, understanding of the potential complications of CFB, and demographics. Results: A total of 83 patients were included in the study. CFB were attributed only to males. 66% of patients were in the age group of 14--29 years. 30% of patients were in the age group 30--44 years and 4% of patients were between 45 and 60 years old. The metal work industry was responsible for 47% of presentations. The construction industry was responsible for 27% of presentations. Electricians and carpenters combined were responsible for 10% of presentations and 17% of presentations occurred in other sectors. Conclusion: CFB occur across a number of occupations in the construction industry, not just metallic workers. Among a population that is generally poorly educated and have nominal understanding of the impact that CFB can have on vision, occupational hazard education is necessary to address this problem.
Occupational ocular injuries are an important cause of ocular trauma. [1] In an Indian study occupation-related accident constituted 20.1% of all ocular trauma. [2] Among occupational injuries, a corneal FB is the most common form of injuries. [3, 4] Such injuries are commonly seen in metal industry workers including welders and construction industry. [5] [6] [7] A corneal FB can cause scars on visual axis and also secondary infections ranging from keratitis to endophthalmitis thereby decreasing vision. [8] The healthcare costs of such injuries also cause economic burden. [9] Since over ¾ of the injuries are preventable by personal protection equipment, [10] taking measures toward their prevention is justifiable. We are not aware of any other study assessing the occupational corneal FB in India. The purpose of this study is to assess the settings in which such injuries occur and the level of awareness regarding eye safety among workers. We believe this common cause of ocular morbidity should be prevented in this rapidly industrializing region.
Methods

Data source
This hospital-based cross-sectional study was done at a tertiary eye hospital in urban-city of Gurgaon, Haryana. We evaluated all patients who presented with a CFB sustained during occupational work during the period of April to December 2017. All patients were subject to a set of questions [ Table 1 ], asked by the concerned doctor in their respective suitable language, these questions were orally asked and filled appropriately by the ophthalmologist. This study was approved by the institutional review board and adhered to the Declarations of Helsinki. Verbal consent was taken from all the patients before completing the questionnaire. This hospital based cross-sectional study was approved by the ethics committee (meeting on 12-07-2016).
Variables
We recorded the demographic information of each patient which included age, gender, and education. In order to know the settings in which the injury occurred we enquired about the business sector of their occupation, type of activity at the time of injury, and whether they were wearing protective glasses at the time of injury. Data were obtained about the number of years in the present sector, similar injuries in the past, availability of protective glasses at work, attempted self -removal of FB by the patient, and the technique used if self-removal was attempted. To evaluate This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
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the awareness of occupational eye safety we enquired about the time between the injury and the visit to ophthalmologist, whether they were aware their work can cause eye injury, repetitive FB injury can cause significant visual impairment and self-removal of foreign body can cause potential harm to the eye.
Data measurement
A slit lamp evaluation of each patient was done. The site and depth of foreign body were noted. The presence of a rust ring, any evidence of superadded infection and any corneal scar due to previous FB injury were noted.
Results
The duration of symptoms before the patient presented to hospital varied. 77% of patients had symptoms for 0 to 2 days. 17% had symptoms for 3 to 5 days and 6% had symptoms for more than 5 days. When patients were inquired about health education on safety from occupational hazards, 49% reported having received adequate education and 51% reported not receiving any education. When patients were asked about their awareness of their occupation holding a risk for eye injury, 67% of patients were aware and 33% of patients were unaware. 31% of patients had a previous CFB and 69% of patients presented with their first CFB. 56% of patients were aware that such CFB could cause serious visual impairment. 44% of patients were unaware that such injuries could cause serious visual impairment. 53% of patients were provided with protective glasses from their employer and 47% of patients were not provided with any protective glasses. 14% of patients were wearing glasses at the time of injury and 86% of patients were not wearing glasses at the time of injury. Patients were asked about the number of years they have worked in the sector. 17% worked in the sector less than 1 year, 45% worked in the sector for between 1 and 5 years, 17% worked in the sector for between 5 and 10 years and 22% worked in the sector for more than 10 years. When inquired about their knowledge that self-removal could cause serious infection, 51% reported knowing the risk of serious infection and 49% reported not being aware of any risk of serious infection.
Presence of a rust ring was found in 58% of patients and not found in 42% of patients. The site of the foreign body was off the pupillary area in 76% of patients and on the pupil in 24% of patients. There was a superadded infection in 17% of patients and no superadded infection in 83% of patients. Corneal scar due to past foreign body injury was found in 24% of patients and not found in 76% of patients.
Discussion
This study demonstrated that younger people, in the age bracket of 14--29 years old, were responsible for 66% of the presentations of CFB [ Table 2 ]. A previous study by Zghal-Mokni et al. demonstrated a higher mean age of 31 years old, for occupation-related CFB. [11] The preponderance among younger employees suggests the increasing care that older employees tend toward. The education of employees suffering from an occupational related CFB was assessed. 95% of patients had an education of 10 th standard or below. This resonated with other literature that also looked at an Indian specific demographic. One study by Kumar et al. calculated 86.6% of patients to have an education of 10 th standard or below. [12] This may suggest a link between higher education and reduced incidence of CFB related to occupational exposure. Table 3 summarizes the occupational type and the activity that the patient was doing at the time of injury accompanied by the visual acuity they had at presentation.
Health education on the risk of eye injury is part of certain occupations. Our study demonstrated that 49% of patients that presented had received education on occupational hazards, and conversely, 51% of the patients did not receive health education on such hazards. This awareness and education were considerably lower in the construction and metallic industry workers, which in turn were two of the most affected business sectors. The implication is that having received health education on ocular risks is not enough of a protective factor in preventing eye related work injuries. In contrast, a study in Southwest China [2] demonstrated that among a patient base of 453 patients, 22.5% received safety training. Despite the low health education, it was found that 67% of patients that presented were aware that their occupation entailed the risk of injuries related to the eye. However, a smaller percentage of 58% were aware that eye related injuries could incur significant visual impairment. This suggests that employees are generally aware of risk of eye injury, but do not appreciate the serious nature of such injuries.
The particular demographic assessed in our study demonstrated that only 53% of patients were provided with protective glasses and conversely, 47% had not been provided with protective glasses. Of these, only 27% of patients with protective glasses were wearing it at the time of injury. A study done in Southern India [13] done among welders found that none of the participants were wearing eye protection at the time of injury. Of the reasons for not wearing the eye protection in our study, 6% simply forgot to wear the glasses and 12% believed the eye protection to be too uncomfortable [ Table 4 ]. This suggests that eye protection is not adequately enforced in the workplace and ergonomics is a potential inhibitive factor for employees.
Limitations
There were a number of limitations in our study. Recall bias was present with reference to the details of past CFB injuries. Since the study was conducted in an exclusive eye care institute there was a chance on missing out on patients in the study, who may have had extensive facial injuries or burns associated with ocular manifestations, who may have found their way to a multispeciality hospital. Also, selection bias was present since Gurgaon is a rapidly industrializing area, so the occupations that present to our hospital were specific to the construction in the near-by area.
Conclusion
CFB occurs across a number of occupations in the construction industry, not just metallic workers. Among a population that is generally poorly educated and have nominal understanding of the impact that CFB can have on vision, education is necessary to address this problem. Thus, it may be advisable for all business sectors, especially the more affected metallic and construction industries, along with eye care organizations, to establish regular and comprehensive educative workshops or awareness drives to prevent such disastrous incidents to their employees in the near future. Such education has been proven to be effective at the community level, considering the largely illiterate patient base.
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Commentary: Tackling the corneal foreign body
Corneal foreign body (CFB) is the most common form of ocular injury encountered globally with studies reporting the magnitude to be as high as 35 to 58% of ocular trauma, and it is vastly preventable. [1] The deterioration of vision by corneal scarring to secondary infections, ranging from keratitis to endophthalmitis, can result from CFB. [2] Further, they incur substantial costs, imposing an additional burden on the national economy. India has over 340 million workforces in the unorganized sector of which about 50% are in the construction and metal industry, which accounts for the majority of CFB, demanding concerned addressal and prompt remedial measures in huge magnitude. [3] The article in the current issue of the Indian Journal of Ophthalmology titled, "Etiological Causes and Epidemiological Characteristics of Patients with Occupational Corneal Foreign Bodies: A Prospective Study in Hospital Based Setting in India" highlights the aspects to be focused upon in this regard, prompting this commentary. [4] The findings of the aforementioned study revealed that 96% of the CFB patients were in the age bracket of 14 to 44 years, all males. Also, of the 53% of the patients that were provided with protective glasses, only 27% of the patients were wearing it. [4] This is a very important finding in terms of its implication on formulating strategies for the prevention of occupational CFB. Studies have shown that although the use of safety goggles in the workplace reduces eye injuries by about two-thirds, employees tend to not use them, citing ergonomic reasons. [5] Legislation to this effect would be a welcome measure. Just as the road traffic deaths reduced by more than one-third after helmets and seatbelts were made compulsory in many countries, a similar mandatory rule of using safety goggles in workplaces with strict compliance on the part of employer and employee can infallibly bring down the visual morbidity that occupational CFB entails. [6] The study demonstrated that although 49% of the patients that presented had received education on occupational hazards, they do not understand the seriousness of such injuries, elucidating that patient's understanding of the threat to vision that CFB poses is infinitesimal. [4] Mandatory safety education with periodic awareness sessions and workshops can help the vulnerable working population understand the grave consequences CFB can pose to ocular health.
A study by Ramakrishnan et al. (2012) comprehensively concluded that the propensity for development of corneal scar and rust ring is directly related to the delay in seeking treatment from an ophthalmologist and the attempt of removing the FB with traumatic materials. [7] This prompts an urgent referral to the ophthalmologist and strictly discouraging the practice of self-removal of CFB.
It has also been reported that even after using some form of eye protection a substantial proportion of workers sustain eye injury. In this context, improvised designs should be sanctioned, and workplace standards and ergonomics should be optimized to increase the protective capabilities of goggles.
As we stand at the culmination of VISION 2020, addressing the issue of prevention and treatment of CFBs is very pertinent to substantially decrease the proportion of avoidable blindness. Increasing awareness regarding the visual impact of occupational CFBs, enforcement of using safety goggles at the workplace, improvising the safety design of goggles, and prompt referral to an ophthalmologist for retrieval of CFB are strongly advocated to overcome the ocular morbidity attributed to CFB.
